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LFV of neutrinos Is confirmed.
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A. de Gouvea’s effective interaction
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A\: energy
scale of new
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\: energy
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Br(u~ e7y) <2.0x10712

Br(u-Au e Au) <7x10713
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A. de Gouvea’s effective interaction

\: energy
scale of new
physics
COMET-II

Upgraded COMET-I

O(103)TeV

COMET-1

Br(u~ e7y) <2.0x10712

Br(u-Au e Au) <7x10713

Photoni €———— > Four-Fermi
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Upgraded COMET-1

<3x10716

COMET-I

Br{u™ e7y) < 2.0x10~ 2

Br(p-Au e Au) < 7x10713

Photonic

<> four-Fermi




Upgraded COMET-] "

O(1)TeV

Flavor mixing
couplings
gives additional
reduction on
the A reach.

Br{u™ e7y) < 2.0x10~ 2

Br(p-Au e Au) < 7x10713

<3x10716

COMET-I

Photoni <€-<——— > Four-Fermi







Loop

For loop diagrams,




Loop

For loop diagrams,

Physics at about 10'® GeV
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slepton mixing 7 R.
(from RGE) ) 3mg + A§ Meaur SUSY neutrino
(Mm% )21 ~ 57— N Us1Uss
8 Mg, seesaw model
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muon CLFV

=Xperiments
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First cLFV search

Pontecorvo in 1947
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First cLFV search

Pontecorvo in 1947
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Process present limit future
u—ey <2.4 x1071° <1014 MEG at PSI
u—eee <1.0x 107 <1010 Mu3e at PSI
ulN—eN (in Al) none <1070 Mu2e / COMET
uN—eN (in Ti) | <4.3x 1072 <1018 PRISM

ey <1.1x107 | <109-1010 | super KEKB/B
r—eee <3.6x 108 | <109-1010 | super KEKB/B
— <45x 108 | <109-10710 | super KEKB/B
T <3.2x 108 | <109-1071° | super KEKB/B







* Event Signature e Backgrounds

eE.=my/2, Ey = my/2 e prompt physics
(=52.8 MeV) backgrounds

e angle 6,e=180 degrees e radiative muon decay
(back-to-back) u—evvy when two

¢ time coincidence neutrinos carry very

small energies.
¢ accidental backgrounds
® positron in py—evv
® photon in p—evvy or
photon from e*e-
annihilation in flight.




3x107p/s@PSI, Switzerland

im Special gradient magnetic field
Sweeps out high rate e+ quickly
Constant bending radius of e+

COBRA Magnet Ultra thin material
\ Diift charmbé Precise e+ tracking

Precise e+ timing
Plastic scintillator + PMTs

\

\
\

Timing counter

Liquid Xenon 1
Scintillation Detector

—J

2.7 ton of liquid xenon Waveform digitizer for all detectors
Homogeneous detector
Good time, position, energy resolution
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E. (MeV) E. MeV)

1.1, 90% ‘ UL 90%

2009 ‘sleolz - 1.7x1078 96><1O -

2010 l -9.9x10°13 1 '?xlo 12

2009+20105 154107 | 24x1017
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With 2011 and
2012 data,

| : ALY | MEG aims at

0 51 52 53 54 (?\Saevs)(s 0(10-13)_

' - LL90%  UL90%

Skl e
= |

2009  3.2x10 1.'7><1o-13 96><1O 12

2010 | -9 9x10 | 1.7x1072

2009+201o 15x10 13 | 2.4x1012

L l L l L l L ] - ] e o P PR ST O L Y
-0.9995 -0.999 -0.9985 -0.998 - combined result
cos®
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fromm Sawada’s talk at Neutrino2012

~N
C4OOO MPPCs (15 x 15 mm) on the vy ray entrance face

Development of new large MPPC for LXe

Proposal in the next year.

3 times higher beam intensity
| Xe v detector upgrade with MPPC

e Unique volume gas chamber
* Active target / SVT / Thin e+ timing counter...

\

( Cylindrical drift chamber
Ster/ep wires

Q

RN

LN A
D N
N\ N
NN

GEANT3 event display L Computer graphics







e Event Signhature e Backgrounds
® >Ec = m, ¢ physics backgrounds

e >P. =0 (vector sum)
¢ common vertex
¢ time coincidence

Acceptance

10 15 20 25 30 35 40 45 50

Ee

min

(MeV/c)

acceptance of lowest e* vs. its minimum p

® L—evvee decay
(B=3.4x10°) when two
neutrinos carry very
small energies.

¢ accidental backgrounds

® positrons in p—evv

® clectrons in p—eeevv or
u—evvy (B=1.2x107?)
with photon conversion
or charge mis-id or
Bhabha scattering.



e Event Signhature e Backgrounds
® >Ec = m, ¢ physics backgrounds

e >P. =0 (vector sum)
¢ common vertex
¢ time coincidence

Acceptance

10 15 20 25 30 35 40 45 50

Ee

min

(MeV/c)

acceptance of lowest e* vs. its minimum p

® L—evvee decay
(B=3.4x10°) when two
neutrinos carry very
small energies.

¢ accidental backgrounds

® positrons in p—evv

® clectrons in p—eeevv or
u—evvy (B=1.2x107?)
with photon conversion
or charge mis-id or
Bhabha scattering.



constructive

1 ) k1 _
Lorrv = 1+ . A2 fRro” GLFW®1 1k A2 (" er)(eLyper)

Photonic (dipole) Contact
Interaction Interaction

mass scale A (TeV)

if photonic contribution dominates,

B(u — eee)
B(u — ev)

~ (0.006




othin silicon pixel detectors (<50um thick) with
high position resolution
ehigh voltage monolithic active pixel (HVYMAPS)
othree (two) cylinders with double layers
e SciFi hodoscopes with high timing resolution.

eStage-| (2014-2017)
e B~10"" with 2x108 p/s at nE5

eStage-2 (2018-)
® B<10'% with 2x10° p/s at new muon source

Recurl pixel layers

S Scintillating fibres H V M A P S ,"
:'_:::_'_::::f::::'.‘." | | |

Inner pixel layers

¢ Target

Outer pixel layers P-substrate

N-well







Neutrino-less muon
nuclear capture

u +(A,Z2)—e +(AZ)

1s state In a muonic atom

Event Signature :
@ a single mono-energetic
& electron of 100 MeV
% % Backgrounds:

(1) physics backgrounds
muon decay in orbit ex. muon decay in orbit (DIO)

(2) beam-related backgrounds
U ex. radiative pion capture,

nuclear muon capture muon decay in flight,

w +(AZ) = v, +(AZ-1) (3) cosmic rays, false tracking




constructive

KRIIIRX
S35
O
x%.&..&&”.&.m
R ]
sttt
RIS
s &
AR
RIS

o
0‘:

<
S
2
oesss
298
:“’
J

2
S

88
CRRX
RS
’A« 020 %

BTi)>107°

u— e conv in

oSt
[

K
SR
L
e
a3 %250
Lok

5%
5
%
55

-

-
.
%
e
8K
oot

)
¥
]

25
X

%%

XX

o
5
o

2%
(55
o

-

%
35
R

tree levels -

%3
X

o
20392

2%
S8
X

X

%

X
%
55
o

o
oS
<5
<
5

So%e

0.0
o%e%

5
55

XXX
0
XXX
5

B(u— e conv in 48Ti)>10'18 .
g,;

o%
2

RIS
IS
s ses
SRS
K

iInteraction
x 3 x 10"°B(4, 2)

4

7

9673
(A, Z)

2
G&m

iINnteraction
(LN — eN)

® for aluminum, about 1/390~0.003

If photonic contribution dominates,
® for titanium, about 1/230




B(p~ +Au — e 4+ Au) <7 x 1071

A exit beam solenoid F inner drift chamber
B gold target G outer drift chamber L
C vacuum wall H superconducting coil Class 1 events: prompt forward removed
D scintillator hodoscope | helium bath .

E Cerenkov hodoscope J magnet yoke

e measurement

e” measurement

MIO simulation

ue simulation

100

Class 2 events: prompt forward

configuration 2000

SINDRUM I

events / channel

PS| muon beam intensity ~ 107-8/sec
beam from the PSI cyclotron. To eliminate
beam related background from a beam, a
beam veto counter was placed. But, it
could not work at a high rate.

momentum (MeV/c)



To achieve a single sensitivity of 10/, we need

10" muons/sec (with 107 sec running)

whereas the current highest intensity is 10%/sec at PSI.

Guide n’s until decay to W’s .

7”7);

. )




Beam-relatea measured
between beam
backgrounds Sulses

proton extinction = #protons between pulses/#protons in a pulse < 10-°

Muon DIO mprove
electron energy
backg round resolution
Muon DIF eliminate
energetic muons
background (>75 MeV/c)

base on the MELC proposal at Moscow Meson Factory



Cosmic Ray Veto not shown

Production Solenoid Proton Beam

2.5 Detector Solenoid
= Transport Solenoid
— /z}_'— - _____:: T . — ‘»,ﬂ,,/"’/ AN
[ — N W : [~ §
= [ © ) ,—-“"’"
—— === =

Calorimeter
Tracker

By~ +Al—e +A)=5x10""7 (S.E.) IRAASLCEInEI iV Selok 1 §= \I N

O S SO RSURN GO * foico = pised proton boam.

e Approved in 2009, and CDO in 2009,
and CD1 review, next week

e Data taking starts in about 2019.




.8GeV proton beam

5T pion
capture Experimental Goal of COMET
solenoid

B(p~ + Al - e + Al) =26 x 1077
Blpy~+ Al —we” +Al) < 6x107'" (90%C.L.)

3T muon transport
(curved solenoids)
e 10" muon stops/sec for 56 kW

proton beam power.

e C-shape muon beam line and C-
electron
shape electron transport followed by
... transport :
0177/ electron detection system.

e Stage-1 approved in 2009.

muon stopping

electron tracker
and calorimeter |




ordinary |-e conversion DeeMe

proton target = pion production target+
muon transport + muon stopping target

Experimental Goal of DeeMe

B(p~+8i—e +8i)=14x10"" (S.E.)

B(p~ +S8i—e +8i) <35x107"* (90%C.L.)

e use SiC target for proton target

e use 3 GeV RCS at MUSE facility in
J-PARC/MLEF.

e 15x10° muon stopped for 2x107 s
running.

e not stage-1 approved at J-PARC
PAC of IPNS, KEK

e Advantage
® quick and not-expensive
e by Grant-in-aid
e Disadvantage
e zero length muon beamline

e high proton extinction 101/
required because of pions

e thick muon stopping target
® poor e- momentum resolution
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I Reduction of Backgrounds

Beam pulsing

measurement is done between
beam pulses to reduce beam
related backgrounds. And
proton beam extinction of
<107 is required.

28 Increase of Muon Intensity

B(u~ + Al — e + Al) < 1071 Pion capture system X 1()3

single event sensitivity: 2.6x10-/ high field superconducting
solenoid magnets surrounding a

pion production target
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Proton Beam Extinction Studies (COMET)



L Proton Beam Extinction Studies (COMET)

Measured at abort
beamline 0)

- Measured at secondary
h=0 beamline (2010)

3 filled and 4 empty

1 ND filter

J-PARC MR proton
extinction




L Proton Beam Extinction Studies (COMET)

Measured at abort
beamline (2010) ‘

- Measured at secondary
h=0 beamline (2010)

3 filled and 4 empty

R
i '
"‘ ND filter

\
\
\
\

J-PARC MR proton
extinction

Tested at the abort (2010)

x additional O(10-%)

Double Injection
Kicking




L Proton Beam Extinction Studies (COMET)

Measured at abort
beamline (2Q10)

Measured at secondary
beamline (2010)

MR

h=9
3 filled and 4 empty

Nt \ { | f . !
.. .' \ \ | e ¥
e o | §
"\ v" = | i
\ { Entries 311059
Mean 3563
107 RMS 949.6
Underflow 0
\ V4 0
< ’ 1 06 Integral  1.502e+08
. ;,,’ T | | ‘
e 10° \ |
:.. ':__ = _{ .-' 10% | l‘ | !
10° e
Scintillator 12!
102
P Q R R w —
J- C M prOton Tl . (0an L Eg LAl o Lirh | I LED. S
~ - 0 1000 2000 3000 4000 5000 ]
e t. t. O |
X I n C I n (A) Injection Kick
—_ -

Double Injection Tested at the abort (2010) : / 8) Second Kick
Kicking x additional O(10-°) Y |
External Extinction

AC dipole magnet R&D

Device x additional O(10-3)




L Proton Beam Extinction Studies (COMET)

Measured at abort
beamline (2010) -

I

Measured at secondary 7
beamline (2010)

& |

SRS e I l PMT ¢23.

H/!I!‘IJ‘IJI II II H 7] ND filter

A \

‘ \ ““‘c“ \ 4 4
T}

i N
J-PARC MR proton g 7
0(1 O ) N
Double Injection Tested at the abort (2010) "'"' —

Kicking

x additional O(10-6) NN _
External Extinction

AC dipole magnet R&D

Device x additional O(10-3)

Confident to achieve proton extinction of <O(10-°).






2 Pion Capture System@MuSIC

Demonstration of Pion Capture System RCNP cyclotron

"1 400 MeV, 1uA
MuSIC@Osaka-U . ar

GM cryocooler

2.0T with 0.04T dipole field

-roton beam line

1.5Wx2 + 1W P X X =5 3 :
SUS radiation shield . ‘-\ oY« & [ransport Solenoid
wg \ &4 v

o\
)
Beam Dump o

Graphite target

Pion Capture Solenoid
3.5T




2 Pion Capture System@MuSIC

Demonstration of Pion Capture System RCNP cyclotron

MuSIC@Osaka-U OO MeV, .1pA

e
GM cryocooler

TWx
SEUES . 1.5Wx2 + 1TW
SUS radiation shield L2 S

Beam Dump

Graphite target

Pion Capture Solenoid ‘ 2 . % y -(: 3 ,
- i B \ . 1) <
preliminary

MuSIC muon yields

, h1
1 Entries 799527

1 Mean
-\ 2indf  222.8/191 ‘
X & g1 o~
e +: 3x108/s for 400W
/. A1 6310 + 55.5 l,,l .
) xXp
\ 2 .(1

s from Pb
7553 +1392.4

el Anniiatr u™: 1x108%/s for 400W

Muonic Mg decay l

Ka(296.4 keV)

S | | cf. 108/s for 1MW @PSl
e T Req. of x10° achieved...

Energy [keV]



COMET Phase-|




Reflecting the PAC’s high evaluation of the physics associated with the COMET
experiment and the positive results in the report recently published by a sub-committee
of Japanese Association on High Energy Physics (JAHEP) on the future high energy
physics projects, the COMET experiment is a high priority component for the J-PARC

program. Considering that this high-priority experiment needs a large investment in

infrastructure and hence a long time to realize, it is important to start the construction of
the COMET beam line in the next 5 years.

The IPNS proposes, as the first priority item in the next five-year plan, that the upstream

part of the high-p beam line be constructed and co-used by the COMET experiment and

that the first half of the muon capture solenoid be constructed simultaneously.

A consequence of this plan 1s that the K1.1BR beam line will not be usable after the
installation of the production target of COMET. This conflict, as was pointed out by

the PAC 1n the last meeting, will have a serious impact on the TREK experiments (E06
and P36). The PAC is requested to consider and comment on this in its evaluation

during the meeting.
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Protons PTTTIT, Pion Capture Section
\\\ “‘U 2 H A section to capture pions with a large
\\\\ LL T LL] solid angle under a high solenoidal

% magnetic field by superconducting
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B(u+Al—=e+A)<7x10715 @ 90%CL

Beam and background study
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Pion-Decay and

Pion Capture Section

A section to capture pions with a large
solid angle under a high solenoidal
magnetic field by superconducting
maget

Detector Section

A detector to search for
muon-to-electron conver-
sion processes.

Stopping % %
Target
Wi S
<Um
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Muon-Transport Section

A section to collect muons from AAAAAAARAAA T ot
decay of pions under a solenoi- 1\

dal magnetic field. 1\
e

"CETECETLL

B(u+Al=e+Al)<6x1016 @ 90%CL




Drift Chamber

Muon-Stopping Targe

e COMET Phase-I| (LOI) aims ....
o BG studies for Phase-l|
eintermediate sensitivity

o SE sensitivity~3x10-1° for 10° s

(12 days) with 3 kW proton beam

power (with 5x10° stopped p/s).
oif no BG, keep running for 10’ s.

% Pion Capture Section Detector Section

L. Pion Production Target

Collimator

Muon-Stopping Target

Pion-Decay and
Muon-Transport Section



Future Future Prospects
of yu-e conversion of 3x10'°
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PRISM
PRIME MW beam
detector Detector Solenoid (SUCh s PrOjeCt‘X)

Spectrometer Solenoid

momentum slit J

PRISM-FFAG
extract kickers muon storage ring
- Y,
Muon Storage Ring
(Phase Rotator) matching section
PRISM curved solenoid
beamline (short)

pulsed horns

SC solenoid /
Injection kickers
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demonstration of phase rotation has

been done.
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¢ B factories produce many taus of more than
108 in total (0~0.9nb).

e T—|y iIs background-limited, and improved by
1/JN.

107

HFAG-Tau
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Reach upper limits around 108 ~100x more sensitive than CLEO
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e CLFV would give the best opportunity to
search for BSM. (So far, no BSM signals at the
LHC.)

* The field of CLFV gets important and exciting.

e Future experimental prospects on CLFV are
promising.

e MEG : ~10'3 (~2013), ~10-4 (>2014)

e COMET Phase-I : <10-014-19 (2016/17),

e DeeMe : ~<2x10714 (~2014).

e Mu2e and COMET Phase-ll : <1070 (~2020),

e Mu3e@PSI : <1016 (>2016),

e PRISM/PRIME for <108 is underway.

e MuSIC@Osaka ~108 p/s with 400 W.

e Tau CLFV by Super B factories : ~10-®-10)
(2015/16~)




